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Course Outline

The course will provide an introduction to modern collider

physics phenomenology at a level accessible to both theory and

experimental graduate students. It assumes only limited

knowledge of basic elementary particle physics at the level of

PHYS 444. The main objective of the course is to prepare the

students for interpreting the wealth of new data to come out of

the Tevatron, LHC and NLC, emphasizing both the

experimental realities at a high-energy collider as well as the

methods for the discovery of new physics. The course will

introduce the leading candidate theories for new physics beyond

the Standard Model (supersymmetry, extra dimensions, (little)

Higgs theories, strong dynamics, etc.), review the main

motivation behind each one, identify their salient features and

discuss the methods for their discovery and identification at

colliders. The course will also provide some unique hands-on

experience with the most widely used software simulation tools

in particle phenomenology, e.g. event generators, automated

calculation programs, renormalization routines etc. Time

permitting, we may also discuss theories of dark matter and

methods for dark matter detection and identification.
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Physics Topics

• Warm-up: SM Higgs physics

• The physics of a high energy particle detector

• Higgs boson searches: Tevatron, LHC and the Linear Collider

• Supersymmetry models and their collider signals

• gravity-mediated • gauge-mediated

• anomaly-mediated • gaugino-mediated

• charged LSP • R-parity violation

• Extra dimensions

• large extra dimensions • small extra dimensions

• warped extra dimensions • universal extra dimensions

• Black holes at colliders

• Little Higgs theories

• Technicolor

• Higgsless models

• Other exotica: Z ′, excited fermions, leptoquarks

• Dark matter and physics Beyond the Standard Model

• direct detection • indirect detection
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Questions/Concerns

Q: How much field theory will I need?

A: SM Lagrangian, Feynman rules.

Q: How much programming experience will I need?

A: Rudimentary FORTRAN. C or C++ not necessary.

Q: Are we going to do loop calculations?

A: No.

Q: Are we going to do tree-level Feynman diagram calculations?

A: Yes, on the computer (as homework).

Q: Are we going to run event generators and the like?

A: Yes, that is the whole point.
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Details

• Meeting time: Tuesdays and Thursdays 2:55 - 4:10 pm

• Location: Rockefeller Building, Room 104

• Instructor: Konstantin Matchev, Newman 329, 255-1223

E-mail: matchev@phys.ufl.edu

• Grader: Patrick Meade,

Institute of Higher Energy Phenomenology

• Office hours: Before/after class, before/after the particle

theory seminar (Wednesday 1:30 pm), particle theory journal

club, aka pizza, (Friday 12:30 pm)

• Course materials:

• Textbook: Barger and Phillips, “Collider Physics”.

• Free stuff from the archives: review papers, lectures,

workshop proceedings, study group reports.

• Event generator manuals

• Course web page: Yes, TBA.
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More details

• Homework: There will be a HW assignment each week, due on

Tuesdays. You may collaborate with others on the problems, but

you must make a note of your collaborators (just as if you were

writing a scientific paper). The end result of each homework

problem will be some sort of a plot, so you will need to

familiarize yourself with some plotting program, e.g. gnuplot etc.

The solutions may also involve explanations on the procedure

used along the way. Exams?

• Exams: Perhaps, multiple choice (?)

• Course notes: Hopefully...

• General discussion: “make your wish”.

• First homework: Roughly:

• Familiarity with comphep (installation?)

http://theory.sinp.msu.ru/~comphep/

• Higgs branching fractions

• Higgs width

• e+e− → Zh, pp̄ → Wh, Zh cross-sections
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